A series of 10 cases of posterior cerebral artery (PCA) aneurysms were retrospectively reviewed. There were five men and five women aged 38 to 68 years (mean 57.5 years). Seven patients presented with subarachnoid hemorrhage. Two aneurysms were found incidentally during clinical examination for stroke. One aneurysm was associated with moyamoya disease. All aneurysms were saccular. The aneurysms arose from the P 1 segment in three patients, the P 1 /P 2 junction in three patients, the P 2 segment in three patients, and the P 3 segment in one patient. Two patients died before operation and one patient refused surgery. Aneurysmal clipping was performed for seven patients. All aneurysms except the P 2 and the P 3 aneurysms were treated via the pterional approach. Four patients had excellent outcome, but one patient with a P 3 aneurysm developed homonymous hemianopsia due to thrombosis of the parent vessel and another patient with a P 2 aneurysm had moderate disability from the initial insult. Coil embolization has been indicated as the first choice of therapy, but PCA aneurysms are good candidates for direct clipping.
Introduction
Aneurysms of the posterior cerebral artery (PCA) are rare, accounting for about 0.7% to 2.3% of all intracranial aneurysms, 3, 4, [6] [7] [8] [9] [10] 19, 21, 25, 27, 31, 36, 38) mainly in the fourth decade. 30) PCA aneurysms mainly arise from the anterior portion of PCA, 36, 38) and tend to form larger 5, 30) and dissecting type of aneurysms. 17, 18, 22, 24) PCA aneurysms may be associated with vascular anomalies, such as moyamoya disease, 2, 17) arteriovenous malformation, 36) and arterial occlusion, 11, 14, 28) as well as systemic diseases, such as bacterial sepsis, 1) tumor emboli, Marfan's syndrome, 29) systemic lupus erythematosis, 20) and head injury. 23) PCA aneurysms can be treated by the direct approach which utilizes clipping of the aneurysm or the more recent indirect approach which utilizes coil embolization. 4, 9, 34) Here we review our experience with PCA aneurysms treated by direct surgery.
Materials and Methods
Review of the case records of the Nagasaki Rosai Hospital and National Nagasaki Medical Center between January 1983 and December 2001 identified only 10 patients with PCA aneurysms among 1940 intracranial aneurysms. The clinical data of the 10 cases of PCA aneurysms are summarized in Table 1 . These five men and five women were aged 38 to 68 years (mean 57.5 years). Computed tomography (CT) was performed to detect subarachnoid hemorrhage (SAH). Neurological status was evaluated on admission according to the Hunt and Kosnik (H&K) scaling. 13) Cerebral angiography was performed and the involved segments of the PCA were classified according to Zeal and Rhoton 38) into P 1 , P 1 /P 2 junction, P 2a , P 2p , and P 3 segments. The pterional approach was performed for P 1 and P 1 /P 2 aneurysms, the subtemporal approach for P 2 aneurysm, and the occipital interhemispheric ap- 
Results
Seven patients presented with SAH, and all harbored small saccular aneurysms. Three patients had PCA aneurysms detected incidentally, associated with moyamoya disease manifesting as intracerebral hemorrhage (Case 8), occlusion of the right middle cerebral artery manifesting as cerebral infarction (Case 1), and a large aneurysm with intra-aneurysmal thrombus manifesting as infarction (Case 3). Two patients with SAH in H&K grade IV (Cases 5 and 9) died before surgical intervention and one patient with an unruptured P 2 aneurysm (Case 1) refused surgery. Seven patients underwent surgery. Case 7 with a P 3 aneurysm suffered homonymous hemianopsia due to parent artery occlusion, Case 2 with a P 1 aneurysm suffered hemiparesis due to delayed ischemic deficit, and Case 6 with a P 2 suffered mild dementia due to acute brain injury. The other four patients had a good recovery.
Illustrative Cases
Case 4: A 66-year-old man suffered sudden onset of headache, nausea, and vomiting on December 20, 1998, while in the lavatory. He was admitted to our hospital on the same day. His Glasgow Coma Scale (GCS) score was E2V3M5 (H&K grade III). CT revealed SAH in the right sylvian fissure, ambient cistern, and quadrigeminal cistern (Fig. 1A) . Left vertebral angiography showed a ruptured saccular aneurysm on the right P 1 segment (Fig. 1B ) and an aneurysm of the left internal carotid artery-posterior communicating artery. The aneurysm was successfully clipped via the right pterional approach on December 21. A right ventriculoperitoneal shunt was implanted one month later. Case 6: A 67-year-old female was transferred from another hospital to our center on April 9, 2000. The GCS score was E2V2M4 (H&K grade IV). CT revealed SAH on the left and a hematoma with acute hydrocephalus in the left temporal lobe ( Fig.  2A) . Left vertebral angiography showed a left P 2 aneurysm (Fig. 2B) . The aneurysm was clipped via the left subtemporal approach. She was discharged with impaired cognitive function due to the acute brain injury. Case 7: A 53-year-old female was found unconscious in her house. She was transferred to our hospital on March 31, 1995. Her GCS score was E2V4M6 (H&K grade III). CT revealed SAH on the left (Fig. 3A) . Left vertebral angiography showed a left P 3 saccular aneurysm (Fig. 3B ). The P 3 aneurysm was clipped and coated via the left occipital interhemispheric approach on April 14. Postoperatively, the patient developed right homonymous hemianopsia due to occlusion of the parieto-occipital artery.
Discussion Table 2 summarizes the reported cases of PCA aneurysms with details about clinical features. 3, 4, 6, 7, 10, 25, 36) The most common clinical symptom was SAH in about 65% of cases. Larger aneurysms may compress the surrounding structures, leading to visual disturbance, memory disturbance, and seizure.
Most patients were treated by clipping because the coil embolization technique was still undeveloped. The pterional approach (with or without removal of the zygomatic arch) was performed for P 1 and P 1 /P 2 aneurysms, the subtemporal approach for P 2 aneurysms, and the occipital interhemispheric approach for P 3 aneurysms. 3, 8, 12 ,15-17,25,27,31,36-38) We followed such guidelines in our series.
The pterional approach provides only a narrow route and operative field, but we were able to achieve clipping smoothly without zygomatectomy, opening of the choroidal fissure, or brain tissue resection. 8, 12, 31) The PCA perforators may disturb access to the aneurysm by both direct surgery and endovascular procedures, but there were no such problems in both our series and other series. The occipital interhemispheric approach uses the PCA to guide the operator to the aneurysm site and avoid brain over-retraction, but the aneurysm dome can obscure the operative field. Trapping, proximal ligation, and parent artery embolization are required in about 20% cases of PCA aneurysms because of the large size. 3,5,10,22,24,26,33-36) Such large or unclippable type aneurysms hinder direct surgery, especially in deep sites, such as the P 2 /P 3 regions. We did not experience this type of aneurysm, but coil embolization may be a good candidate. The collateral circulation of the PCA facilitates such procedures more than at other sites. 2, 36, 38) The postoperative prognosis for patients with PCA aneurysms and with SAH is relatively favorable because the good collateral circulation prevents symptomatic vasospasm, and the outcome is apparently affected by the preoperative clinical grade, as 
